Bromonitrile oxide formed in situ from dibromoformaldoxime reacts with the sugar derived alkenes 1, 2, 3, 4, to give bromoisoxazolines in satisfactory yields. All the reactions show high regio-and stereoselectivity. Reactions with the ω-unsaturated alkenes 1 and 2 are regiospecific and diastereoselective affording a pair of diastereomers. The reaction with furanone 4 is regioselective and stereospecific affording one pair of regioisomers, whereas the reaction with the glycal 3 is both regiospecific and stereospecific and gives only one isomer. The possible utility of the obtained isoxazolines as useful synthetic intermediates is further proved by transformation of isoxazoline 7 to 7-deoxy octose derivative 16.
Introduction
Nitrile oxide-olefin cycloaddition is amongst the most widely studied reactions and it finds applications in numerous synthetic schemes, where the initially formed isoxazoline gives entry to other functionalities such as β-hydroxyketones by reductive cleavage of the N-O bond. 1 Nitrile oxides bearing functional substituents on the carbon atom of the dipole such as bromo, chloro or carboalkoxy offer additional possibilities for transformations. In particular, the 1,3-dipolar cycloadditions of bromonitrile oxide have been used as key steps in synthetic schemes where nucleophilic substitution of bromine and/or reductive ring cleavage take place. 2 Among the plethora of alkenes used in 1,3-dipolar cycloadditions, reactions of nitrile oxides to sugar derived alkenes concentrate considerable interest since they offer entry to a diversity of sugar mimics of biological interest such as higher monosaccharides, carbocyclic C-nucleosides, isoxazolino nucleosides and C-disaccharides. 3 However, the flexible bromonitrile oxide has not been employed so far in 1,3-dipolar cycloadditons to sugar derived alkenes with the exception of one report with α,β-unsaturated carbonyl sugar olefins. 4 In connection with our former studies on nitrile oxide cycloadditions and sugar chemistry, 5, 6 we present our results on the 1,3-dipolar cycloaddition of bromonitrile oxide with the diverse sugar derived alkenes 1, 2, 3 and 4. Nitrile oxide cycloadditions to the ω-unsaturated monosaccharides 1 and 2 have been successfully applied by Paton and coworkers for sugar elongation. Thus, by choosing carboethoxyformonitrile oxide or appropriate sugar derived nitrile oxides extension with two or more carbon atoms to their non-reducing terminus was possible. 7 We considered that this methology can be extended to one carbon chain elongation using bromonitrile oxide as 1,3-dipole. On the contrary to alkenes 1 and 2, cycloaddition reactions of nitrile oxides to the cyclic derivatives 3 and 4 are almost completely unexplored to the best of our knowledge. 
Results and Discussion
In all the cycloadditions studied (see Scheme 1), the bromonitrile oxide 6 was derived in situ from the dibromoformaldoxime 5 using solid sodium bicarbonate in the presence of the alkene in ethyl acetate solutions. In order to raise the reaction yields relative to the alkene the oxime 5 was used in excess. The reactions with the two ω-unsaturated monosaccharides 1 and 2 took place at room temperature and each one gave two diastereomeric isoxazolidines 7/8 and 9/10 in 76 % and 80 % total yields and in ratios 8.5:1 and 8:1 respectively as determined by 1 H NMR of the crude reaction mixture. From the reaction mixtures the major isomers 7 and 9 were separated in pure form by column chromatography, whereas the minor isomers 8 and 10 were obtained only as mixtures with the major ones. The structure elucidation of the obtained cyclodducts was mainly based on their 1 H NMR spectra, in which the proton connection was secured by double resonance experiments besides their coupling constants. 
Scheme 1
All the obtained cycloadducts were safely assigned as 5-substituted regioisomers on the basis of their characteristic pattern of isoxazoline ring protons, typical of a 3,5-disubstituted isoxazoline. Thus the 5-H appear as doublets of triplets at high δ 4.84-5.05, whereas the 4-H appear as doublets at low δ 3.28-3.48. Between the two diastereomeric pairs of cycloaddition products the major isomers were assigned as structures 7 and 9 with an R-configuration at the newly created asymmetric center C-5 and an erythro relationship between this carbon and the adjacent carbon (C-5΄ C NMR the safely distinctive signals of C-4 appear at higher frequencies for the major isomers. The chemical shift for C-4 of isomer 7 is at δ 43.9, whereas that of isomer 8 at δ 43.2. Similarly, the chemical shift for the C-4 of isomer 9 is at δ 44.6, whereas that of isomer 10 at δ 44.3. The proposed stereochemistry for compound 7 was further supported via its transformation products as described below. The observed stereoslectivity of the addition is that which would expected based on steric arguments, as it comes out from molecular model examination. This stereoselectivity associated with the addition of nitrile oxides to chiral allyl ethers can be furthermore rationalized in terms of the "inside alkoxy effect" proposed by Houk and al. 10 Glycal 3 was less reactive than the open chain alkenes 1 and 2 and reacted with bromonitrile oxide 6 in satisfactory yield only after prolonged heating (reflux for 8 days). For the optimization of the reaction yield relative to the glycal, dibromoformaldoxime was used in a large excess and it was added in small portions during the reaction time. The reaction was regio-and stereospecific and only one cycloadduct was formed assigned as 11. The spectral and analytical data of compound 11 are in accordance with the proposed structure. In particular, the assignment of the regio-and stereochemistry of 11 was mainly based on its 1 H NMR spectrum. The low field doublet at δ 6.11 observed for the acetal proton 7a-H is consistent with the proposed regiochemistry. The proposed stereochemistry of the cycloaddition is in accordance with the usually observed stereoselectivity in the cycloaddition reactions of glycals in which the pseudoequatorial group on C-3 of the glycal controls the stereochemistry of the cycloaddition favoring the approach to the opposite site of this substituent. 8c,8e The trans relationship of the isoxazoline ring to the vicinal acetoxy group is supported by the low coupling constant (J = 2.6 Hz) between 3a-H and 4-H. The set of coupling constants observed for compound 11 gives further information for the conformation of the cyclohexane ring and fits only to trans substitution on C-3a and C-4 and a pyranose ring in a twist conformation. The large coupling constant (J = 8.9 Hz) between the anomeric 7a-H and 3a-H is in agreement with a dihedral angle α H-3a,7a-H about 0º and the small coupling constant J 4-H,5-H = 1.4 Hz is indicative of a dihedral angle close to 90º and not 180º for antiperiplanar position as it should be in a chair conformation. On the contrary, the J 5-H,6-H = 7.5 Hz is larger than that expected in a chair conformation. Besides, a 4 J-(W) coupling ( Furanone 4 bearing an activating carbonyl was more reactive than glycal 3 and its reaction with the bromonitrile oxide took place at room temperature and gave the regioisomers 12 and 13 in a ratio 6:1 and in 77 % total yield. From the reaction mixture the major isomer 12 was obtained in a pure form by column chromatography, whereas the minor isomer 13 was contaminated with a small amount of the major one. The assignment of both 12 and 13 as anti cycloadducts was based on the observed small coupling constants J 6-H,6a-H = 1.3 Hz of 12 and and J 3a-H,4-H ≈ 0 Hz of 13, which are informative for the trans orientation of the corresponding protons.
9b,9c The distinction between the two regioisomers was made on the basis of their proton and carbon chemical shifts. In particular, in the minor isomer 13 both proton and carbon of the 4 position of isoxazoline ring next to a saturated carbon atom are expected to be upfield compared to those of the major isomer 12, where the 4-isoxazoline position is next to a carbonyl group. Indeed the 3a-H of 13 resonates at δ 4.13 whereas that of 12 at δ 4.32. Also the C-3a of 13 resonates at 56.9 whereas that of 12 at δ 59.2. Our findings are in accordance with the observed selectivities of the 1,3-dipolar cycloadditions of nitrones to lactone 4, in which the oxygen atom selectively attacks the β-carbon of the unsaturated moiety of 4 and show high preference for an anti addition to the terminal hydroxymethyl group of the lactone.
9a,9e,9f
We have also examined the utility of the obtained cycloadducts for further sugar derivations applying isoxazoline ring transformations on the cycloadduct 7 as shown in Scheme 2. Thus, nucleophilic substitution of the bromine gave the methoxy derivative 14. The methoxylation was carried out under smooth reaction conditions using potassium carbonate at room temperature. Under these conditions no epimerization at the newly asymmetric center (C-5) occurs as it was shown by experiments, in which mixtures of the two isomers in different ratios were transformed to methoxy derivatives with retention of the ratio. Substitution of bromine by methoxy group has been successfully applied to a variety of bromoisoxazolines in reaction schemes for the conversion of isoxazolines to β-hydroxy esters, 2a although there are reports where this methology has failed. 2e For the next reductive cleavage of the isoxazoline ring typical reduction conditions were applied (Ra/Ni, H 2 , boric acid). The reaction was proved to be quite sensitive and the ester 15 was obtained in high yield only after careful cleaning of the catalyst and control of the reaction time. Finally the reduction to the alcohol 16 proceeded without any problems with LiBH 4 . Thus, following the reaction sequence of Scheme 2 bromonitrile cycloaddition to sugar alkenes can be applied for one carbon stereocontrolled elongation of unsaturated monosaccharides complementing the methology applied by Paton and coworkers for elongation with two or more carbon atoms. All the obtained transformation products were characterized on the basis of their spectral and analytical data. In addition, the stereoshemistry of the ester 15 was supported by the coincidence of its 1 H NMR spectra data with those given in the literature for the same isomer obtained from an aldol reaction of a D-galacto-dialdopyranose derivative and acetyl iron complex. 12 This fact gives further evidence for the stereochemical assignment of the initial cycloaddition product 7.
Conclusions
In conclusion, bromonitrile oxide can give cycloaddition products in good yields with both open chain and cyclic alkenes derived from sugars even with an alkene of low dipolarophilicity, such as the glycal 3. All the reactions show high regio and stereoselectivity. With the exception of furanone 4, the reactions with the other alkenes are regiospecific giving only isoxazolines in which the oxygen is attached to the more substituted carbon in the reactions with alkenes 1 and 2 or to the carbon next to the oxygen in the reaction with alkene 3. The reactions of cyclic alkenes show stereospecificity and give products in which the dipolarophile approaches to the anti face to the substituent next to the double bond. The obtained cycloadducts can be used as intermediates for further derivation of sugars and stereocontrolled one carbon elongation.
Experimental Section
General. Melting points are uncorrected and were determined on a Kofler hot-stage microscope. The IR spectra were obtained with a Perkin-Elmer 297 spectrophotometer, as a thin film or nujol mull as indicated. 1 H NMR spectra were recorded at 300 MHz on a Bruker 300 AM spectrometer and 13 C NMR spectra at 75.5 MHz on the same spectrometer, and are quoted relative to tetramethylsilane as internal reference in deuteriochloroform solutions. Low-resolution electron impact mass spectra were recorded on a 6890N GC/MS system (Agilent technology) and elemental analyses performed with a Perkin-Elmer 2400-II CHN analyzer. Column chromatography was carried out on Merck Kieselgel (particle size 0.063-0.200 mm) and solvents were distilled before use. All reactions were monitored by TLC using Merck Kiesegel 60 F 254 plates. Optical rotations were measured with a A. KRÜSS Optronic P3002, operating at 589 nm (l = 1dm, 25 °C). Dibromoformaldoxime 5 was prepared as referred in the literature.
13a Alkenes 1, 13b 2 13b and 4 13c were prepared starting from D-galactose, D-glucose and D-mannitol respectively, whereas glycal 3 was commercially available.
Cycloaddition reaction to alkene 1 Alkene 1 (256 mg, 1 mmol) was dissolved in ethyl acetate (10 mL) and there were added NaHCO 3 (504 mg, 6 mmol) and dibromoformaldoxime (305 mg, 1.5 mmol). The reaction mixture was stirred at room temperature for 5 days. After the solids were removed by filtration, the filtrate was concentrated and the residue was chromatographed on a silica gel column with hexane/ethyl acetate 8:1 as the eluent. From the column there were obtained in order of elution: compound 7 (200 mg), mixture of 7 and 8 in ratio 5:1 (60 mg) and a mixture of 7 and 8 in a ratio 1:3 (27 mg). 
(5R)-3-Bromo-5-[(3a΄R,5΄S,5a΄S,8a΄S,8b΄R)-2΄,2΄,7΄,7΄-tetramethyltetrahydro-3a΄H-bis[1,3]dioxolo[4,5-b:4',5'-d]pyran-5΄-yl]-4,5-dihydroisoxazole (7).

Cycloaddition reaction to alkene 2
The same procedure as for the reaction with alkene 1 was followed. Column chromatography with hexane/ethyl acetate 3:1 as the eluent gave in order of elution: compound 9 (170 mg), mixture of 9 and 10 in ratio 4:1 (56 mg) and a mixture of 9 and 10 in a ratio 1:4 (20 mg 
Cycloaddition reaction to alkene 3
Glycal 3 (272 mg, 1 mmol) was dissolved in ethyl acetate (10 mL) and there were added NaHCO 3 (336 mg, 4 mmol) and dibromoformaldoxime (203 mg, 1 mmol). The reaction mixture was stirred and heated under reflux for 9 days. During this period there were added in small portions more NaHCO 3 (3 x 42 mg, 6 mmol) and dibromoformaldoxime (3 x 101 mg, 1.5 mmol). After the solids were removed by filtration, the filtrate was concentrated and the residue was chromatographed on a silica gel column with hexane/ethyl acetate 3:2 as the eluent. From the column there was obtained compound 11 (275 mg). , 39.61; H, 4.09; N, 3.55. Found: C, 39.72; H, 4.21; N, 3.42 .
Cycloaddition reaction to alkene 4
Alkene 4 (114 mg, 1 mmol) was dissolved in ethyl acetate and there were added NaHCO 3 (504 mg, 6 mmol) and dibromoformaldoxime (305 mg, 1.5 mmol). The reaction mixture was stirred at room temperature for 2 days. After the solids were removed by filtration, the filtrate was concentrated and the residue was chromatographed on a silica gel column with hexane/ethyl acetate 8:1 as the eluent. From the column there were obtained in order of elution: compound 12 (125 mg), mixture of 12 and 13 in ratio 3:1 (40 mg) and compound 13 contaminated with a small amount of 12 (16 mg). 
Methoxylation of compound 7
Compound 7 (189 mg, 0.5 mmol) was dissolved in methanol (5 mL) and there was added K 2 CO 3 (552 mg, 4 mmol). The reaction mixture was stirred at room temperature for 3 days. After the solids were removed by filtration, the filtrate was concentrated and the residue was purified on a silica gel column with hexane/ethyl acetate 4:1 as the eluent. From the column there was obtained compound 14 (148 mg). (5R)-3-Methoxy-5-[(3a΄R,5΄S,5a΄S,8a΄S,8b΄R) , 7.04; N, 4.25. Found: C, 54.50; H, 7. 14; N, 4.13.
Reductive ring cleavage of isoxazoline 14
A catalytic amount of Raney Ni (about 20 mg, washed 3 times with methanol) was added to a previously degassed solution of isoxazolidine 14 (66 mg, 0.3 mmol) and boric acid (30mg, 0.5 mmol) in MeOH (5 mL) under a hydrogen atmosphere (balloon). The mixture was stirred for 2 hours and then the crude reaction mixture was passed through Celite, concentrated and purified by column chromatography on silica gel using hexane/ethyl acetate 2:1 as the eluent. From the column there was obtained compound 15 (65 mg). Methyl (3R)-3-hydroxy-3-[(3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-3aH-bis [1, 3] 
Reduction of the ester 15
A solution of the ester 15 (33 mg, 0.1 mmol) in dry diethyl ether (3 mL) was cooled at 0° and there was added LiBH 4 (8 mg, 0.32 mmol) and the mixture was stirred for 2 hours under an Ar atmoshere. After that, some drops of ethyl acetate were added to destroy the excess of LiBH 4 and the mixture was poured to ethyl acetate/water. The aqueous layer was washed 2 times with ethyl acetate and the combined organic layers washed with brine, dried and concentrated. The product was purified by silica gel column chromatography hexane/ethyl acetate 1:1 as the eluent. From the column there was obtained compound 16 (27 mg). (1R)-1-[(3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-3aH-bis[1,3 
